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Abstract: Background and objectives: Caregivers of progressive supranuclear palsy (PSP) patients frequently
show significant distress. The Parkinsonism Carers quality of life (QoL) (PQoL Carer) is a valid tool evaluating
the effect of PSP on caregivers’ QoL. Main aim of the present study was to develop a short version of the PQoL
Carer, named PSP-ShoQolL Carer.

Methods: PQoL Carer was administered within the PSP-NET. Participants underwent clinical, motor, cognitive,
and behavioral evaluations.

Results: Data from 344 participants were included. The final PSP-ShoQoL Carer included eight items. The
internal consistency was high (Cronbach’s a = 0.867) and PSP-ShoQoL Carer showed also good acceptability,
reliability, and validity. The PSP-ShoQoL Carer showed a significant correlation with caregivers’ standard measures
of QoL and with patients’ motor, cognitive, and behavioral characteristics, such as neuropsychiatric symptoms.
Finally, PSP-ShoQoL Carer showed an appropriate sensitivity to change over 6-month follow up.

Conclusions: PSP-ShoQoL Carer is a reliable and valid time-saving tool for the assessment of caregivers’ QoL

in PSP.
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Progressive supranuclear palsy (PSP) is a rare, atypical parkinson-
ism clinically defined by the Movement Disorder Society (MDS)
diagnostic criteria." The rapid progression of the disease and
the lack of effective treatments result in a considerable disability
with a significant impact not only on patients’ health-related
quality of life (QoL)* but also on PSP caregivers’ one.>®

The Parkinsonism Carers QoL (PQoL Carer) is a self-
administered questionnaire evaluating QoL of caregivers of
patients with atypical parkinsonism.” Although both the English
and Italian versions have adequate psychometric properties,® the
PQoL Carer is time-consuming for caregivers (~30—45 minutes).

Recently, a short version of the PSP QoL questionnaire
(PSP-QoL) has been developed.”

Hence, main aim of the present study was to develop a short
version of the PQoL Carer, named PSP-ShoQoL Carer, to ease
QoL assessment in PSP patients’ caregivers.

Patients and Methods

Data derived from a cross-sectional analysis of the PSP-NET
study and they were collected from both the patients and the
caregivers (data downloaded on September 23, 2024)."°
The project was performed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsinki.

The PQoL Carer was used to evaluate the quality of life of
caregivers of PSP patients.® Furthermore, caregivers also filled
the following scales: (1) the three-level version of the EuroQol
scale (EQ-5D) and the EQ-visual analogue scale (EQ-VAS)'';
(2) the Hospital Anxiety and Depression Scale (HADS)'?; (3) the
Resilience Scale 14 (RS-14)"; and (4) the Zarit burden inter-
view (ZBI)."*

Patients’ motor burden was assessed with the Progressive
Supranuclear Palsy-rating scale (PSP-rs).">'® Global cognition
was evaluated with the Montreal Cognitive Assessment
(MoCA)."” QoL was evaluated with the PSP-QoL,"® the EQ-
5D,'"" and the EQ-VAS.'! Anxiety and depression were assessed
with the HADS. "

Behavioral symptoms were evaluated with the Neuropsychiat-
ric Inventory (NPI) and the Frontal Behavioral inventory (FBI),
both filled by the caregiver.'”?’ Further details on Methods are
available in Supporting information online (Table S1).

Statistical Analysis

No subject had >30% of the data missing. For all other subjects,
missing values were replaced using multiple imputation. Refer-
ring to the Markov Chain Monte Carlo (MCMC) method,
10 imputations were created in each case using 100 iterations.

To reduce the number of items, two criteria were applied.
First, the factor loading on the associated factor should be high
(here: above 0.60). Second, the corrected item-scale correlations
should be high (above 0.30). For the first criterion, we con-
ducted a principal factor analysis of all 26 items of the scale with

Varimax rotation. For the second one, we selected the items
with the highest corrected item-scale correlations. By this, eight
items were selected. The total score, generating by summing
items, ranges from O to 32 with higher values indicating a
lower QoL.

Afterward, the following psychometric properties were
explored for the PSP-ShoQoL Carer total score: acceptability,
reliability, and construct validity. Precision was evaluated by
computing the standard error of measurement (SEM).

To characterize the relationship between PSP-ShoQoL Carer
and QoL, motor and cognitive symptoms measured with PSP-
QoL, PSP-rs, and MoCA, a multiple linear regression analysis
was conducted with PSP-ShoQoL Carer as dependent variable
and each clinical aspect as independent ones.

Finally, a test—retest analysis was used to analyze the sensitivity
to change between baseline (T0) and 6-month follow-up (T1),

using follow up data of a subsample of 60 caregivers.

Results

A total of 344 caregivers of 344 PSP patients were included in
the present study. Subjects’ demographic and clinical features
were displayed in Table 1. All 26 items were deemed appropriate
for factorial analysis because Kaiser-Meyer-Olkin was 0.959. In
addition, Bartlett’s test was 5451.080 (P < 0.001) indicating that
the data satistied the condition of factorial analysis.

The factor analysis disclosed three factors (social environment,
physical health, and caregiver—patient relationship strain), con-
firmed by the visual inspection of the screen plot. The developed
three-factor solution of the principal analysis of all 26 items
explained 58.61% of total variance of our data. The criteria of
the highest loading factors (>0.65) allowed the identification
of 10 items. The items with corrected item-scale correlations
<0.30 were excluded. The final version of the PSP ShoQoL
Carer results in eight items (Tables S2 and S3).

One hundred percent of data were totally computable and
there were no missing values (0%). The mean (& standard devia-
tion [SD]) PSP-ShoQoL Carer total score was 12.76 & 7.24.
The item 6 (ie, do you go out less?, mean = 1.89) presented the
highest score while the item 7 (do you find life boring?,
mean = 0.98) displayed the lowest one. In the whole sample,
neither ceiling nor floor effect were observed for the
PSP-ShoQoL Carer total score (lowest possible score = 0, 1.5%;
highest possible score =32, 0.6%). The skewness of the
PSP-ShoQoL Carer total score was 0.48 (criterion: —1 to +1).

Cronbach’s o was 0.867 and, therefore, it was considered
acceptable for internal consistency. No improvement of this
value was noted on removal of any item.

Internal validity was confirmed by the significant positive cor-
relation of the PSP-ShoQoL Carer total score with all its items
(r=0.623, P < 0.001). The SEM value for PSP-ShoQoL Carer
total score was 0.390 (SEM = SD [1 — Cronbach’s a]). The
PSP-ShoQoL Carer total score showed convergent validity with
PSP QoL Carer total score, EQ-5D Index, and its sub-categories
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TABLE 1  Demographic and clinical features of the enrolled subjects

Caregivers
Sex, male, n (%) 113 (32.8)
Age,y 61.08 £ 12.53

Hours spent with the patient, n (%)
<12 h 99 (28.7)
212 h 245 (71.2)
Living with the patient, n (%)
Yes 84 (24.4)
No 260 (75.5)
Relationship, n (%)
Family member 289 (84)
Other 55 (15.9)

Center’s locations, n (%)

Northern Italy 144 (42)
Central Italy 107 (31.1)
Southern Italy 93 (27.03)
HADS, total score 11.28 £7.71
HADS, anxiety subscore 5.89 &+ 4.27
HADS, depression subscore 5.39 £ 4.16
RS-14 73.78 £ 13.48
ZBI 31.17 £ 15.11
PSP patients
Sex, male, n (%) 185 (53.8)
PSP-RS, n % 289 (84)
vPSP, n % 43 (12.5)
Age, y 72.15 + 6.67
Disease duration, y 458 £2.79
Education, y 10.03 £ 4.16
PSP-rs 42.82 £ 17.14
MoCA 17.14 £5.95
HADS, total score 16.81 + 7.35
HADS, anxiety subscore 7.11 £3.79
HADS, depression subscore 9.92 £+ 4.29
PSP-QoL 79.63 £ 35.60

Note: Data are in mean = standard deviation, unless otherwise specified. vPSP
patients included PSP with predominant parkinsonism (PSP-P = 19), PSP with
predominant frontal presentation (PSP-F = 4), PSP with progressive gait
freezing (PSP-PGF = 8), PSP with predominant ocular motor dysfunction (PSP-
OM = 3), PSP with speech/language disorder (PSP-SL = 2), PSP with predomi-
nant postural instability (PSP-PI=4), PSP with predominant corticobasal
syndrome (PSP-CBS = 3). The phenotype for 12 patients was not specified.
Abbreviations: HADS, Hospital Anxiety And Depression Scale; RS-14, Resil-
ience Scale-14; ZBI, Zarit burden Inventory; PSP, progressive supranuclear
palsy; PSP-RS, progressive supranuclear palsy with Richardson’s syndrome;
vPSP, other variant syndromes of PSP; PSP-rs, Progressive Supranuclear Palsy-
rating scale; MoCA, Montreal Cognitive Assessment; PSP-QoL, Progressive
Supranuclear Palsy—Quality Of Life.
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but it did not show correlation with EQ-5D self-care dimension,
using for divergent validity (Table 2).

Supporting the relationship between carer’s behavioral symp-
toms and resilience and QoL, Pearson’s correlation indicated a
statistically significant correlation between the PSP-ShoQoL
Carer and the HADS caregiver total score (r= 0.457,
P <0.001), anxiety (r=0.409, P <0.001), and depression
(r=0.428, P<0.001) scores, the RS-14 (r= —0.205,
P < 0.001), and the ZBI (r = 0.616, P < 0.001).

Confirming the impact of the patient’s motor and behavioral
disturbances on carer’s QoL, PSP-ShoQoL Carer showed a sig-
nificant correlation with PSP-rs (r = 0.399, P < 0.001), MoCA
(r=—0.185, P =0.001), HADS patients both total score
(r=10.306, P<0.001), and anxiety (r= 0.209, P < 0.00) and
depression (r = 0.305, P < 0.001) ones, PSP-QoL patients total
score (r=0.477, P <0.001), and motor (r= 0.413, P < 0.001)
and cognitive (r= 427, P < 0.001) sub-scores, EQ 5D Index
(r=—0.300, P < 0.001), EQ 5D VAS (r= —.183, P < 0.001).
Moreover, PSP-ShoQoL Carer presented a significant positive
correlation with the NPI total score (r = 0.307, P < 0.001) and
the NPI Caregiver Distress (r = 0.316, P < 0.001) (Fig. S1) as
well as with the FBI (r = 0.329, P < 0.001).

Multiple linear regression analysis identified the PSP-QoL
patient total score and the NPI total score as significant predictors
of the PSP-ShoQoL Carer showing a major impact of patient’s
QoL and behavioral disturbances on carer’s QoL (PSP-QoL
patient total score: B = 0.077, R? adjusted = 0.264, P < 0.001;
NPI total score: B = 0.097, R> adjusted = 0.264, P < 0.001).

A t test for paired samples revealed a significant increase of
scores between TO and T1, confirming the sensitivity to the
expected changes of the PSP-ShoQoL Carer (mean + SD PSP-
ShoQoL Carer total score TO 12.76 £ 7.24; mean + SD PSP-
ShoQoL Carer total score T1 13.62 +7.20, P < 0.01) after
6 months from baseline assessment. Moreover, test re-test reli-
ability was acceptable (r= 0.54, P < 0.001), meaning that the
PSP-ShoQoL Carer measures inter individual differences.

TABLE 2 Convergent and divergent validity of the PSP-ShoQoL
Carer total score

R p
PQoL caregiver 0.955 <0.001
EQ-5D Index —0.224 <0.001
EQ-5D mobility 0.115 0.050
EQ-5D self-care 0.103 0.079
EQ-5D usual activities 0.229 <0.001
EQ-5D pain/discomfort 0.312 <0.001
EQ-5D anxiety/depression 0.406 <0.001

Note: Bold-typed values represent statistically significant findings.
Abbreviations: PSP-ShoQoL Carer, short version of the Parkinsonism Carers
quality of life; PQoL, Progressive Supranuclear Palsy Quality of Life; EQ-5D,
EuroQol.
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Discussion

Main objective of the present study was to develop a short ver-
sion of the PQoL Carer.

Our factorial analysis showed the PSP-ShoQoL Carer includes
three factors representing functional and psychological aspects of
daily living. They can be named as follows: (1) social environ-
ment; (2) physical health; and (3) caregiver—patient relationship

2122 The first factor includes social withdrawal, bore-

strain.
dom, and social isolation and reflect the sacrifice of caregivers
who renounce to their hobbies and time spent with friends,
family, and at work.?® Physical stress and fatigue resulting
from caregiving were related to the second factor labeled
physical health.>* Finally, the caregiver-patient relationship
strain factor covers communication changes, personality and
role transformations.*”°

As regards psychometric properties, the PSP-ShoQoL Carer
showed high acceptability, supported by the absence of both
ceiling and floor effects. The internal consistency of the PSP-
ShoQoL Carer was high and acceptable (a = 0.867). The degree
of precision of measurement, expressed in terms of SEM, was
adequate suggesting the PSP-ShoQoL Carer values in our sample
were an accurate estimation of the PSP-ShoQoL Carer values in
the caregiver population.

The PSP-ShoQoL Carer showed a significant association with
EQ-5D Index and with mobility, usual activities, pain/
discomfort,anxiety/depression domains of EQ-5D, while it was
not correlated with self-care one. This result was in accordance
with our assumptions because both PSP-ShoQoL Carer, EQ-5D
Index, and physical and psychological domains measured with
the EQ-5D measured the same aspects of daily life. Previous
studies showed that neurodegenerative diseases’ caregivers pres-
ented an impairment of QoL.**®* The lack of correlation
between the PSP-ShoQoL Carer and self-care domain of EQ-
5D revealed divergent construct validity (ie, a measure does not
correlate strongly with measures of different, unrelated con-
structs), as this construct was measured by EQ-5D, but not by
the PSP-ShoQoL Carer.

We also observed a correlation between the PSP ShoQoL
Carer total score and clinical characteristics, measured
with HADS and ZBI. In line with a previous study, PSP care-
givers with worse affective symptoms, like depression and
anxiety, and burnout presented a greater functional impact
from PSP.?’

Moreover, resilience, measured by RS-14, presented an
inverse correlation with caregiver QoL. Therefore, caregivers
with reduced resilience are more prone to have a reduced QoL
as consequence of caregiving.3()

PSP-ShoQoL Carer also showed significant correlations with
PSP patients’ characteristics. In line with previous findings,
caregivers of PSP patients presenting a worse motor and cogni-

2" Both positive and

tive disturbance, exhibited a worse QoL.
negative PSP neuropsychiatric symptoms constituted a further
source of caregiver distress. In line with previous evidence
reported for Parkinson’s disease,”’ we showed that PSP-

ShoQoL Carer is related to both NPI total score and NPI

Caregiver Distress. As regards the sensibility to change we dem-
onstrated the PSP-ShoQoL Carer reliably detects the expected
changes over time.

We acknowledge our study has same limitations. First, our
cohort was mostly represented by caregivers of PSP-RS patients.
Moreover, most caregivers (84.01%) were family members.
Finally, validation of the PSP-ShoQoL Carer in an independent
cohort would be advisable.

In conclusion, the PSP-ShoQoL Carer provides a brief and
more focused assessment showing high acceptability, validity

and reliability in assessing QoL in PSP caregivers.
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Supporting Information

Supporting information may be found in the online version of
this article.

Figure S1. reported the neuropsychiatric and behavioral-
behavioural correlations of PSP-ShoQoL Carer. PSP-ShoQoL
Carer presented a significant positive correlation with the NPI
total score (NPI FxS), given by the sum of the product of fre-
quency and severity, and the NPI Caregiver Distress.

TABLE S1. reported further details on Methods.

TABLE S2. reported the English version of the short version of
the PSP-QoL Carer (PSP-ShoQoL Carer).

TABLE S3. reported the Italian version of the short version of
the PSP-QoL Carer (PSP-ShoQoL Carer).
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